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(54) Improved mixing eductor 

(57) Disclosed is an improved mixing eductor (10) 
of the type wherein the primary liquid (17), e.g., water, 
is in a main stream (201 ).f lowing in a downstream direc- 
tion. A venturi tube (51) is in the eductor (10) and has 
an annular sharp edge (131) in the main stream (201), 
thereby dividing such stream (201 ) into a primary stream 
(1 79) and a secondary stream (181) around the primary 



stream (1 79). The eductor (1 0) has an air gap (1 03) and 
a flow guide (47) downstream thereof. In a specific em- 
bodiment, the flow guide (47) is annular around the ven- 
turi tube (51) and the tube (51) and the guide (47) are 
in spaced telescoped relationship. Several embodi- 
ments of the eductor (10) and a new method for mixing 
liquids are disclosed. 
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Description 

Related Application 

[0001] This application is divided from European pat- 
ent application No. 9792041 0.4 filed 1 7th April 1 997, the 
content of which is hereby incorporated by reference in 
its entirety. 

Technical Field of the Invention 

[0002] This invention relates generally to fluid han- 
dling and, more particularly, to combining liquids by as- 
piration using an eductor having one or more inlets and 
a single outlet. 

Background Art 

[0003] Venturi-type mixing devices, often known as 
eductors, use a principle discovered by Daniel Bernoulli 
(1 700-1 782) and are used for applications involving mix- 
ing of two liquids. In general, an eductor uses a stream 
of first liquid flowing from a (usually) pressurized source 
to a primary inlet thence through a venturi. A second 
inlet passage extends between the venturi and a con- 
tainer holding a second liquid to be mixed with the first. 
Often the first liquid is water and the second liquid is a 
chemical product. 

[0004] As but one example of how eductors are used 
to mix water and chemical products, members of build- 
ing custodial staff often use dispensing equipment 
which contains one or more different liquids in concen- 
trated form. Such concentrated liquids are in separate 
containers in the equipment or connected to such equip- 
ment. The equipment includes eductor(s) to mix water 
and a concentrated liquid to form a dilute solution, e.g., 
a cleaning liquid. 

[0005] The difference in pressure between that of the 
concentrate container and that in the eductor venturi 
urges the second liquid into the path of the high-velocity 
primary liquid and the liquids are thereby mixed. The re- 
sulting dilute solution is directed to a vessel, e.g., a pail 
used by custodial staff for cleaning. Merely as exam- 
ples, concentrated liquids may include a neutral cleaner, 
a "spray-and-wipe" cleaner/degreaser and a glass 
cleaner. 

[0006] A manufacturer of dispensing equipment (sold 
under the trademark SOLUTIONS CENTER® and other 
trademarks) and liquid concentrates used therewith is 
S.C. Johnson & Son, Inc. of Racine, Wisconsin, the as- 
signee of the invention. An eductor of the type used in 
SOLUTIONS CENTER® equipment is described in U. 
S. Patent No. 5,544,810 (Horvath, Jr. et al.) which is in- 
corporated herein by reference. 

[0007] Examples of eductor-type mixing devices are 
disclosed in U.S. Patent Nos. 3 : 072,137 (McDougall); 
3,166,086 (Holmes); 4,697,610 (Bricker et al.); 
5,159,958 (Sand): 5,253,677 (Sand); 5,529,244 (Hor- 



vath, Jr. et al ), in PCT International Application Publi- 
cation No. W095/34778 (Nowicki et al.) and in other pat- 
ent documents. The proportioner of the Bricker et al. pat- 
ent divides the incoming liquid stream into two flow 
5 paths, i.e., a primary path through the venturi and a sec- 
ondary path through two parallel passages. Such pas- 
sages diverge in a downward direction and liquid flowing 
therethrough is combined in a cylindrical region with the 
solution flowing out of the venturi. 
[0008] The Nowicki et al. PCT application involves a 
proportioner similar to that of the Bricker et al. patent. 
Such proportioner has a venturi system, the upper ven- 
turi nozzle of which includes three tapered flats rather 
than the opposed flat sides used in the Bricker et al. pro- 
portioner. 

[0009] The eductor of the Sand '958 patent has pas- 
sages parallel to the venturi. Water which splashes 
away from the eductor nozzle and is deflected by the 
splash plate runs down such passages and past the 
venturi to be joined with the solution flowing from such 
venturi. The parallel passages radially outward from the 
venturi in the eductor of the Sand '677 patent perform a 
similar "splash-draining" function. 

[0010] While the devices of these and other prior art 
patents have been generally satisfactory for their intend- 
ed purposes, they are not without some disadvantages. 
One disadvantage involves the matter of mixture foam- 
ing. If the dilute solution is excessively foamed, the ves- 
sel receiving such solution may overflow with foam and 
yet contain only a modest quantity of liquid solution. 
[0011] While not wishing to subscribe to any particular 
theory as to why certain prior art devices cause exces- 
sive foaming, it is believed that aeration of the primary 
liquid stream may be a significant factor. Another factor 
may involve joining liquids flowing along two flow paths 
at high velocity. 

[0012] Considering the Bricker etal. patent, it is noted 
that the volume of water flowing down the diverging par- 
allel passages forming the secondary path and/or the 
above-mentioned cylindrical region may be insufficient 
to "seat" against the passage walls and prevent air entry. 
Aeration may result. 

[0013] Considering the eductor of the Sand "958 pat- 
ent, the quantity of liquid flowing through the splash- 
draining passages is unlikely to fill the entirety of the 
open area below such passages. This may also encour- 
age aeration. And the eductor of the Sand '958 patent 
flows the primary liquid stream through a disc plate hav- 
ing an enlarged orifice. The resulting space between 
such stream and the orifice may promote aeration. 
[0014] The eductor of the Sand '958 patent seemingly 
has yet other disadvantages. The diameter of the orifice 
in the disc base is very significantly greater (about 3.5 
to 4 times greater) than the diameter of the outlet orifice 
in the conical portion. To put it another way, the area of 
the orifice in the disc base is about 12-14 times greater 
than the area of the outlet orifice. Such outlet orifice 
seemingly cannot accept any but a very modest flow 
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rate from such disc base orifice. At other than modest 
flow rates, this configuration apparently causes a good 
deal of backwardly-directed splashing and is believed 
to dictate the need to provide a spray shield to at least 
help prevent spray from exiting the air gap slots. 
[0015] Yet another disadvantage of certain prior art 
eductors is that they have inadequate "back pressure 
tolerance." This is another way of saying that such educ- 
tors exhibit undesirably-high pressure drop along their 
length. (Such pressure drop is sometimes referred to as 
"insertion loss.") 

[0016] Such pressure drop can be of concern for the 
following reasons. Assuming the primary liquid enters 
the eductor at some maximum pressure, excessive 
eductor pressure drop results in less pressure available 
for liquid mixing and, notably, for urging the mixed solu- 
tion from the eductor outlet. The latter consideration is 
always important and becomes more so if, for example, 
a hose connected to the outlet of an eductor is elevated 
above the eductor or is even pointed upward while 
mixed liquid is flowing therefrom. Such hose positioning 
increases back pressure at the eductor outlet. And using 
an improperly-sized hose and/or a hose of inordinate 
length also increases eductor outlet back pressure, 
leaving less pressure available for solution dispensing. 
[0017] It is noted that the conical opening and con- 
verging nozzle mentioned in the Sand *958 and '677 pat- 
ents, respectively, present relatively long flow passages 
to a stream of water passing through such passages. 
And long flow passages impose higher pressure drops, 
leaving less pressure available for the mixing and dis- 
pensing functions. 

[001 8] Another shortcoming of certain prior art educ- 
tors is that they are capable of mixing only two liquids. 
There are instances involving, e.g. : dispensing equip- 
ment where it would be highly desirable to mix more than 
two liquids and/or to perform other functions not possi- 
ble with two-inlet eductors. 

[0019] Yet another shortcoming of certain prior art 
eductors is that it is difficult to change a performance 
characteristic, e.g., the level of vacuum "pulled" by the 
eductor. 

[0020] Still another characteristic of certain eductors 
is that they must be oriented vertically. But sometimes 
vertical orientation is not practical or even possible. 
[0021] And yet another characteristic of certain prior 
art eductors is that they are somewhat noisy and oper- 
ate with a very-audible and characteristic "hissing" 
sound. 

[0022] A new mixing eductor which overcomes some 
of the problems and shortcomings of known eductors 
would be an important advance in the art. 

Disclosure of the Invention 

[0023] It is an object of the invention to provide an im- 
proved mixing eductor overcoming some of the prob- 
lems and shortcomings of the prior art. 



[0024] Another object of the invention is to provide an 
improved mixing eductor of the type having an air gap 
providing protection in event of flow interruption. 
[0025] Another object of the invention is to provide a 
mixing eductor which is particularly well adapted for use 
in cleaning solution dispensing equipment. 
[0026] Another object of the invention is to provide a 
mixing eductor which significantly reduces foaming. 
[0027] Yet another object of the invention is to provide 
a mixing eductor which significantly reduces aeration. 
[0028] Another object of the invention is to provide a 
mixing eductor which has relatively-low insertion loss 
and relatively-high back pressure tolerance. 
[0029] Another object of the invention is to provide a 
mixing eductor which, in certain embodiments, is capa- 
ble of mixing any one, some or all of at least three liquids, 
e.g., concentrates, with water or another liquid. 
[0030] Still another object of the invention is to provide 
a mixing eductor which, in use, is not restricted to verti- 
cal mounting. 

[0031] Another object of the invention is to provide a 
mixing eductor which substantially eliminates "back- 
spraying." 

[0032] Another object of the invention is to provide a 
mixing eductor, a performance characteristic of which 
can be changed by changing one part, i.e., an easy-to- 
mount flooding tube. 

[0033] Another object of the invention is to provide a 
mixing eductor which reduces eductor noise. 
[0034] Another object of the invention is to provide a 
mixing eductor which dramatically reduces or substan- 
tially eliminates annoying "backflooding" through the air 
gap even though an eductor output hose is pointed up- 
ward and/or is at an elevation above the eductor. How 
these and other objects are accomplished will become 
apparent from the following descriptions and from the 
drawings. 

[0035] In general, the invention involves an eductor of 
the type used for mixing first and second liquids, e.g., 
water and a concentrated cleaning liquid, respectively. 
The first liquid is in a main stream flowing in a down- 
stream direction . The improvement comprises a tube (e. 
g., a venturi tube) having an annular sharp edge in the 
main stream, thereby dividing the main stream into a pri- 
mary stream and an annular secondary stream around 
the primary stream and spaced radially outward from 
such primary stream. 

[0036] The "laminarity" of the main stream (and, thus, 
at least of the primary stream) is enhanced by an appa- 
ratus for "smoothing" turbulent liquid entering the educ- 
tor inlet. Such apparatus may be embodied as a plurality 
of spaced screens (vertically aligned with one another 
or angled to one another) or may be embodied as a body 
having a plurality of downwardly-converging or funnel- 
shaped passages formed therein. The passages are 
sized, shaped and located so that each passage "breaks 
into" one or more adjacent passages and "upstream- 
pointing" sharp edges are thereby formed. 
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[0037] In another aspect of the invention, the tube in- 
cludes an interior surface forming a conduit converging 
in a downstream direction. The tube also has an outward 
surface diverging in a downstream direction and the ex- 
terior shape of such surface (and the tube sharp edge) 5 
generally define a cone truncated at a plane normal to 
its center axis. More specifically, the sharp edge (which 
may be said to be "knife-like") is defined by the intersec- 
tion of the interior surface and the outward surface. 
[0038] In yet another aspect of the invention, the 10 
eductor has an air gap, a supply nozzle upstream of the 
air gap and a flow guide downstream of the air gap. The 
flow guide is annular around the tube. The tube and the 
guide are in spaced telescoped relationship and define 
an annular space between them. The secondary stream *5 
fills the space and thereby provides what may be termed 
a seal preventing air from passing through the space. It 
is believed that the aforedescribed seal feature is re- 
sponsible, at least in part, for the back pressure toler- 
ance and for the aeration-reducing performance of the 20 
new eductor. 

[0039] In more specific aspects of the flow guide and 
the tube/guide relationship, the guide has a first portion 
converging in a downstream direction at a first angle and 
a second portion extending from the first portion and 25 
converging in a downstream direction at a second angle. 
In a specific embodiment, the shape of the flow guide 
resembles that of a funnel in that the second angle is 
less than the first angle. 

[0040] The supply nozzle is significant to the excellent 30 
operating characteristics of the new eductor. Such noz- 
zle has a substantially knife-edged or sharp-edged 
opening characterized by a ratio of the diameter of the 
opening to the axial length of such opening of between 
about 15:1 and about 25:1. In a specific embodiment, 35 
the axial length of the opening is no more than about 
0.01 0 inches (0.25 mm) and the diameter is about 0.200 
inches (5.1 mm). The foregoing configuration of the sup- 
ply nozzle helps minimize resistance to liquid flow. 
[0041 ] And the new eductor has yet other noteworthy 40 
features. The eductor has an output section with a de- 
celeration chamber that reduces the velocity of the sec- 
ondary stream and thereby tends to "quiet" such stream. 
There is also a combining zone downstream of the de- 
celeration chamber where the secondary stream and 45 
the primary stream (the latter then including, e.g., a 
cleaning concentrate) are combined together to form a 
solution mixed in the desired ratio. The cross-sectional 
area of the combining zone is less than, and preferably 
substantially less than, the chamber cross-sectional ar- so 
ea. (The combining zone may be in the eductor or, in 
certain combinations involving the eductor, in tubing 
downstream of the eductor.) 

[0042] Known eductors mix water and one other liq- 
uid. A feature of the inventive eductor is that it may be 55 
configured for mixing either or both of two other liquids 
with water. Such eductor has a plurality of channels in 
flow communication with the tube. Liquids other than 
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water, e.g., cleaning concentrates, can be mixed by 
flowing a different concentrate along each channel. 
[0043] In the new eductor, the primary stream flowing 
through the tube is extremely laminar and has substan- 
tially no entrained air other than any small amount of air 
in the water coming into the eductor. Therefore, the pri- 
mary stream may not intimately contact the cylindrical 
wall downstream and air could enter the tube and impair 
venturi action. To spread the primary stream and help 
assure that it contacts such cylindrical wall to form a 
good seal, the eductor has a "panel-like" reed member. 
Such reed member is rectangular, axially-disposed, po- 
sitioned in the primary stream like a baffle and extends 
parallel to the cylindrical wall. 

[0044] And there are yet other aspects of the inven- 
tion. In a highly preferred eductor (which one might refer 
to as an "upright funnel" version), the flow guide (which 
resembles an upright funnel) is above the venturi sharp 
edge and has a guide opening through which liquid is 
directed toward the sharp edge. The sharp edge has an 
edge diameter and the guide opening has a guide open- 
ing diameter greater than the edge diameter. 
[0045] Such flow guide includes a guide passage con- 
verging toward the guide opening. The passage defines 
an angle of convergence between about 5° and about 
15°. Most preferably, such angle is about 10°. 
[0046] And there is a wide-mouth collector passage 
converging toward the guide passage. The collector 
passage defines an angle of convergence between 
about 40° and about 80° and most preferably, such an- 
gle is about 60°. 

[0047] In another embodiment (which one might refer 
to as an "inverted funnel" version), the guide opening is 
an input opening to the flow guide (which resembles an 
inverted funnel) and such flow guide has a guide pas- 
sage below the guide opening and converging toward 
the venturi sharp edge. A preferred angle of conver- 
gence is between about 5° and about 15°, Most prefer- 
ably; such angle is about 1 0°. 

[0048] The flow guide further includes a bypass guide 
portion in telescoped relationship to the venturi tube. 
Such bypass guide portion diverges toward the eductor 
outlet section. 

[0049] In yet another embodiment (a "standpipe" ver- 
sion), the flow guide resembles a standpipe and in- 
cludes a guide passage below the guide opening. Such 
guide passage is substantially cylindrical. There is also 
a bypass guide portion around the venturi tube and con- 
verging toward the region of low pressure in such tube. 
[0050] Another feature of the new eductor may be 
used with several embodiments. The eductor has a sup- 
port device below the venturi tube and a flooding tube 
is attached to the device by "snap-fit" and has a passage 
therethrough. There is a flooding pin extending across 
the passage. 

[0051] The eductor may be put up in kit form having 
first and second flooding tubes, each having an inlet 
end, respective first and second passages and respec- 
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tive first and second pins. The pins are spaced below 
(downstream of) the inlet end by a dimension. 
[0052] In one version, the pins are of differing diame- 
ter and in another version, the pins are of the same di- 
ameter and are spaced below the inlet ends of their re- 5 
spective flooding tubes by differing dimensions. After 
appreciating the specification, one of ordinary skill will 
recognize that each flooding tube may have a pin diam- 
eter and pin spacing from tube inlet end, both of which 
differ from the diameter and spacing of the other tube. 10 
[0053] In a highly preferred eductor, the venturi tube 
has an annular sharp edge as noted above. As de- 
scribed elsewhere in this specification, a person may 
thrust a finger into the eductor air gap and, perhaps, 
touch and damage the tube edge. Therefore, an embod- '5 
iment of the new eductor has a nozzle protector inter- 
posed between the air gap and the venturi tube and pro- 
viding a barrier preventing inadvertent contact with such 
tube. 

[0054] Another embodiment of the new eductor has 20 
proven particularly effective in liquid mixing, even with 
significant back pressure imposed thereon by, e.g., a 
downstream tube or implement connected to the educ- 
tor. The eductor is particularly well suited for foam or 
broadcast spraying applications and has features which 25 
address "backsplashing" through the air gap, a problem 
characterizing some prior art air gap eductors. 
[0055] The eductor includes a collector passage in the 
flow guide, an overflow chamber isolated from the air 
gap by an imperforate wall and an aperture formed in 30 
the flow guide. The aperture extends between and is in 
flow communication with the collector passage and the 
overflow chamber and permits a quantity of liquid, e.g., 
water, to bypass the venturi tube and flow to the outlet 
port. In other words, if the incoming water feed rate and/ 35 
or the back pressure imposed on the eductor are suffi- 
cient to prevent all incoming water from be accepted by 
the venturi tube, the aperture provides a bypass path for 
the excess water. 

[0056] In a more specific aspect of this embodiment, 40 
the aperture is bounded by an edge at the collector pas- 
sage and such edge defines a first area. The collector 
passage has a minimum flow area at its lower end and 
the first area is at least twice the minimum flow area. 
More preferably, such first area is at least three times *s 
the minimum flow area. 

[0057] In another, more specific aspect, there are first 
and second apertures formed in the flow guide and ex- 
tending between the collector passage and the overflow 
chamber. Each of the apertures has an edge at the col- so 
lector passage and each of the edges defines a first ar- 
ea. The total of the first areas is at least 1 .5 times the 
minimum flow area and, preferably, is in the range of 1 .5 
to 2.5 times the minimum flow area. 

[0058] In a specific embodiment, the first and second 55 
apertures are in registry with a lateral axis which is gen- 
erally normal to the long axis. Stated another way, such 
apertures are opposite one another in the flow guide. 



[0059] In another aspect of this embodiment, the flow 
guide has a lower end spaced from the air gap and the 
lower end has an interior dimension measured generally 
normally to the eductor long axis. Each of the apertures 
is spaced above the lower end by a spacing dimension 
at least equal to the interior dimension and, preferably, 
by a spacing dimension which is between 1.0 and 6.0 
times the interior dimension. 

[0060] In yet another aspect of this embodiment, the 
flow guide includes a lower end and the venturi tube 
abuts the lower end. In a specific embodiment, the lower 
end has a pocket formed in it and the venturi tube is in 
sealing engagement with the pocket. 
[0061] The venturi tube has an inlet mouth defining a 
mouth area and the mouth area is at least equal to the 
minimum flow area of the flow guide. When the minimum 
flow area and the mouth area are circular, such areas 
are concentric. Configured in this way, the venturi tube 
inlet mouth is prevented from having an inwardly pro- 
jecting lip which may otherwise impede the flow of liquid 
therethrough. 

[0062] In still another aspect of this embodiment, the 
flow guide has a first portion and a second portion which 
define the collector passage. Each portion has a length 
measured along the long axis and the length of the sec- 
ond portion is at least equal to the length of the first por- 
tion. Most preferably, the length of the second portion is 
between 1 .0 and 4.0 times the length of the first portion. 
[0063] Other aspects of the invention involve a new 
method for mixing a first liquid and a second liquid in an 
eductor. The method includes the steps of flowing a first 
liquid in a main stream within the eductor and directing 
the main stream across a sharp edge, thereby dividing 
the main stream into a primary stream and a secondary 
stream annular around the primary stream. The second 
liquid is then introduced into the primary stream. 
[0064] More specifically, the eductor includes the tube 
noted above and the aforementioned plural channels in 
flow communication with the tube. The introducing step 
includes flowing the second liquid along one of the plural 
channels into the primary stream. 
[0065] To mix second or third liquids (e.g., different 
cleaning concentrates) with the first liquid, e.g., water, 
the introducing step includes alternately flowing the sec- 
ond liquid along one of the plural channels into the pri- 
mary stream and flowing the third liquid along another 
one of the plural channels into the primary stream. 
[0066] Following the introducing step, other aspects 
of the method include flowing the secondary stream 
through the deceleration chamber (thereby reducing the 
velocity of the secondary stream) and flowing the sec- 
ondary stream through the combining zone to merge the 
secondary stream and the primary stream. 
[0067] Further details of the invention are set forth in 
the following detailed description and in the drawings. 
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Brief Description of the Drawings 
[0068] 

FIGURE 1 is a schematic diagram of a type of dis- 
pensing equipment with which the new eductor may 
be used. 

FIGURE 2 is an exploded perspective view of the 
eductor. 

FIGURE 3 is an elevation view of the eductor. Parts 
of hoses attached thereto are broken away. 
FIGURE 4 is a top plan view of the eductor. A tube 
attached thereto is broken away. 
FIGURE 5 is a sectional elevation view of the educ- 
tor taken along the viewing plane 5-5 of FIGURE 4. 
FIGURE 6 is a sectional elevation view of the educ- 
tor taken along the viewing plane 6-6 of FIGURE 4. 
FIGURE 7 is an enlarged sectional elevation view 
of the venluri tube used in Ihe eductor. 
FIGURE 8 is a sectional elevation view of one em- 
bodiment of a flow-smoothing apparatus. 
FIGURE 9 is a plan view of one variant of the em- 
bodiment of FIGURE 8 taken along the viewing 
plane 9-9 thereof. 

FIGURE 1 0 is a plan view of another variant of the 
embodiment of FIGURE 8 taken along the viewing 
plane 9-9 thereof. 

FIGURE 11 is a top plan view of another embodi- 
ment of a flow-smoothing apparatus. Part is broken 
away. 

FIGURE 12 is a sectional elevation view of the ap- 
paratus of FIGURE 11 taken along the viewing 
plane 12-12 thereof. Part is broken away. 
FIGURE 13 is a sectional elevation view of the ap- 
paratus of FIGURE 11 taken along the viewing 
plane 13-13 thereof. Part is broken away. 
FIGURE 14 is a sectional elevation view of the ap- 
paratus of FIGURE 11 taken along the viewing 
plane 14-14 thereof. Part is broken away. 
FIGURE 15 is a bottom plan view of the apparatus 
of FIGURE 11. Part is broken away. 
FIGURE 1 6 is an enlarged top plan view of a supply 
nozzle used in the eductor. 

FIGU RE 1 7 is a sectional elevation view of the noz- 
zle of FIGURE 16 taken along the viewing plane 
17-17 thereof. 

FIGURE 18 is a sectional elevation view of the 
eductor generally like the view of FIGURE 6. Parts 
are broken away. 

FIGU RE 1 9A is a sectional plan view of the eductor 
taken along the viewing plane 19A-19A of FIGURE 
18. 

FIGURE 19B is a sectional plan view of the eductor 
taken along the viewing plane 19B-19B of FIGURE 
18. 

FIGURE 20 is a sectional plan view taken along the 

viewing plane 20-20 of FIGURE 18. 

FIGURE 21 is a sectional elevation view of the 



eductor generally like the view of FIGURE 5. 
FIGURE 22 is an enlarged sectional elevation view 
of an eductor input port like that shown in FIGURE 
6. Parts are broken away. 
5 FIGURE 23 is a sectional elevation view of another 

embodiment of the new eductor. 
FIGURE 24 is a sectional elevation view of yet an- 
other embodiment of the new eductor. 
FIGURE 25 is a sectional elevation view of still an- 
te? other embodiment of the new eductor. The eductor 
outlet section, redundant to the view of FIGURE 23 
if shown, is omitted. 

FIGURE 26 is an exploded view, in elevation, of a 
modified support device and flooding pin useful in 
is the new eductor. 

FIGURE 27 is a bottom plan view of the flooding pin 
of FIGURE 26 taken along the viewing plane 27-27 
thereof. 

FIGURE 28 is a sectional elevation view of thesup- 
20 port device and flooding pin shown in FIGURE 26. 

FIGURE 29 is a sectional elevation view of an em- 
bodiment of the eductor an including a nozzle pro- 
tector for preventing damage to the sharp edge of 
the venturi tube. 
25 FIGURE 30 is a bottom plan view of the nozzle pro- 

tector shown in FIGURE 29. 

FIGURE 31 represents a kit including an eductor 
and plural flooding tubes. Such tubes are shown in 
section view. 

30 FIGURE 32 is a sectional elevation view of another 
embodiment of the new eductor. 
FIGURE 33 is a sectional elevation view of the up- 
per body of the eductor of FIGURE 32. 
FIGURE 34 is a sectional elevation view of the lower 

35 body of the eductor of FIGURE 32. 

FIGURE 35 is a greatly enlarged view of a portion 
of the upper body of FIGURE 33 showing an aper- 
ture formed therein. Parts are broken away 

40 Best Modes for Carrying Out the Invention 

[0069] Before describing the new mixing eductor 10 
and related method, it will be helpful to have an under- 
standing of an exemplary application for such eductor 

45 10. FIGURE 1 shows a schematic diagram for a type of 
dispensing equipment 11 having an enclosure 13 and 
containers 15 in the enclosure 13 or, possibly, outside 
the enclosure 13 but connected as shown. Normally, 
each container 15 is filled with a different liquid 17. But 

so as explained below, there may be occasions where it is 
desirable to have two containers 1 5 filled with the same 
liquid 17. 

[0070] The inlet line 21 of the equipment 11 is con- 
nected to a source of water feeding a header 23. Branch 
55 pipes 25 are connected to the header 23 and each 
branch pipe 25 includes a valve 27 "dedicated" to that 
pipe 25. When a particular valve 27 is actuated, water 
flows through the related eductor 10a, 10b, 10c or 10d 
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and mixes a concentrated liquid 17 with such water to 
form a dilute solution. Each mixed dilute solution is dis- 
pensed through a separate tube 29. Other aspects of 
the dispensing equipment are described below. 
[0071] Referring next to FIGURES 2, 3, 4, 5, 6 and 
21 , components of the new eductor 1 0 will be described 
in general. Such description is followed by a more de- 
tailed explanation of features of such components. 
[0072] The new eductor 1 0 includes a generally tubu- 
lar body 33 having an inlet end 35 and an outlet section 
37, the latter having an outlet fitting 39 attached thereto. 
Such fitting 39 has a necked-down portion 41 terminat- 
ing in an outlet port 43. The body 33 is formed (prefer- 
ably by molding a plastic material) to have a flow guide 
47 formed therein. In the embodiment of FIGURES 5 
and 6, such flow guide 47 is funnel-like. 
[0073] A support device 49 is mounted in the body 33 
between the flow guide 47 and the outlet fitting 39. The 
inlet end 35, the flow guide 47, the venturi tube 51 , the 
device 49, the outlet section 37 and the fitting 39 are 
coaxial along the eductor long axis 53 and are generally 
concentric with such axis 53. There now follows a de- 
tailed explanation of the eductor 10 and of its compo- 
nents and features. 

[0074] Referring again to FIGURES 1 through 7 and 
also to FIGURES 8 and 21 , the inlet end 35 includes a 
threaded portion 55 for attachment to a pipe 25 in the 
equipment 11 or, in other uses, to a water faucet for ex- 
ample. Downstream of the portion 55 and positioned at 
the location 59 is an apparatus 61 for "smoothing" tur- 
bulent liquid entering the inlet end 35 and causing such 
liquid to exhibit substantially laminarflow rather than tur- 
bulent flow. (The downstream direction is indicated by 
the arrow 63.) 

[0075] In the embodiment of FIGURES 8, 9 and 10, 
the apparatus 61 includes a plurality of spaced screens 
67, 69, 71 vertically aligned with one another in an over- 
lapping, series flow, coaxial relationship. In variant em- 
bodiments, such screens 67, 69, 71 may be in registry 
with one another as shown in FIGURE 9 or angled to 
one another as shown in FIGURE 10. While three 
screens 67, 69, 71 are shown in FIGURE 8, the appa- 
ratus 61 works well using any two of the three screens 
67, 69, 71 . 

[0076] Another embodiment of' the apparatus 61 
shown in FIGURES 11 : 12, 13, 14 and 15, includes a 
plurality of downwardly-converging passages 75 formed 
in the body 77 of such apparatus 61 . Each such passage 
75 is shaped like a truncated cone and, most preferably, 
all passages 75 have the same top diameter dimension 
D1 , the same diameter of outlet hole 83 and the same 
rate of taper. Each passage 75 is of circular cross-sec- 
tion along its length and the center axes 79 of such pas- 
sages 75 are spaced by a dimension D2 which is some- 
what less than the top diameter D1 . That is, such pas- 
sages 75 are in overlapping relationship. 
[0077] When so formed, each passage 75 "breaks in- 
to" one or more adjacent passages 75 and "upstream- 



pointing" sharp edges 81 are thereby formed. It has 
been found that this embodiment with its sharp edges 
81 is extremely effective in providing laminar output flow 
even though liquid flowing into the apparatus 61 exhibits 
5 turbulent flow. 

[0078] A specific apparatus 61 is a disc having a ma- 
trix of passages 75 in overlapping relationship. The cen- 
terline axes 79 of such passages 75 are spaced by a 
distance of 0.030 inches (0.76 millimeters), the down- 
to stream outlet opening 83 has a diameter of 0.020 inches 
(0.51 millimeters), the diameter of the apparatus 61 is 
about 0.70 inches (about 1 .75 cm) and the included an- 
gle of taper is in the range of 2°-4°. However, such di- 
mensions and angle can vary widely so long as the 
15 aforementioned sharp edges 81 are provided. 

[0079] Referring now to FIGURES 2, 5, 6, 16, 17 and 
21 , a supply nozzle 87 is mounted in the inlet end 35 
downstream of the apparatus 61 . Such nozzle 87 has a 
substantially knife-edged opening 89 forming a first flow 
20 area A1 for discharging liquid to the venturi tube 51 . This 
opening is "knife-edged" or sharp-edged in that the ratio 
of the diameter DF of the opening 89 to its axial length 
L1 is between about 15:1 and about 25:1. In a specific 
embodiment, the axial length L1 of the opening 89 is no 
25 more than about 0.01 0 inches (0.25 mm) and the diam- 
eter of such opening 89 about 0.200 inches (5.1 mm). 
The foregoing configuration of the supply nozzle 87 
helps minimize resistance to liquid flow. 
[0080] In other aspects of the nozzle 87, the ratio of 
30 the axial length AL of the tapered portion of the nozzle 
87 to the diameter DF of the nozzle opening 89 is in the 
range of 0.7 to 1 .1 . In a specific embodiment, such ratio 
is about 0.87. 

[0081 ] Referring now to FIGU RES 1 , 2, 3, 5 and 6, the 

35 eductor 10 has a pair of arc-shaped, diametrically-op- 
posed ribs 95, 97 which are circumferentially spaced 
from one another. The diametrically-opposed openings 
99, 1 01 bounded by and defined by such ribs 95, 97f orm 
an anti-siphon air gap 103. 

40 [0082] Such air gap 103, provided to conform to 
plumbing codes, prevents liquid from backflowing into 
an equipment branch pipe 25 or into a water faucet. The 
existence of such air gap 103 is also visually apparent 
and the openings 99, 101 are sufficiently large that a 

45 human adult finger can be thrust therethrough. In a spe- 
cific embodiment, each of the openings 99, 1 01 is slight- 
ly longer than one inch (2.54 cm) measured parallel to 
the long axis 53 of the eductor 1 0 and each spans an 
arc of about 90°. 

so [0083] Referring now to FIGURES 5, 6 and 16, the 
flow guide 47 has a dual taper with a first portion 107 
which, considered in an upstream-to-downstream direc- 
tion, converges. Convergence is at a first included angle 
FA1 . The guide 47 also has a second portion 109 con- 

55 verging at a second included angle FA2 that is less than 
the first angle FA1 . Preferably, the first angle FA1 is be- 
tween about 40° and about 80° and, most preferably, 
such first angle FA1 is about 60°. Preferably, such sec- 
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ond angle FA2 is between about 5° and about 15° and, 
most preferably, such angle FA2 is about 10°. 
[0084] The portions 107, 109 abut at a junction 111 
which defines a second flow area A2 and the ratio of the 
second flow area A2 to the first flow area A1 is between 
about 1 .05:1 and about 2:1 . This allows the eductor 10 
to accommodate a range of water pressure and also re- 
sults in flow which is more laminar. The positional rela- 
tionship of the flow guide 47 and the venturi tube 51 and 
the manner in which such guide 47 and tube 51 coact 
is described below following the more-detailed descrip- 
tions of other aspects of the eductor 10. 
[0085] Referring now to FIGURES 2, 6 and 7, the ven- 
turi tube 51 is secured coaxially in the body 33 by a pair 
of radial, molded panels 115, 117 circumferentially 
spaced by about 1 80°. Preferably, the body 33, the tube 
51 and the panels 115,117 are formed as a unitary struc- 
ture. The upper portion 119 of the tube 51 includes an 
interior surface 121 converging in a downstream direc- 
tion and forming part of a conduit 1 23. The interior sur- 
face 121 defines an inverted cone truncated at a plane 
125 normal to the axis 53. 

[0086] The outward surface 127 of such portion 119 
diverges in a downstream direction and the exterior 
shape of such surface 127 (and the tube sharp edge 
131) generally define an upright truncated cone. More 
specifically, the sharp edge 131 is defined by the inter- 
section of the interior surface 121 and the outward sur- 
face 1 27. That length of conduit 1 23 in the lower portion 
of the tube 51 is generally cylindrical, diverging in a 
downstream direction only slightly for mold draft purpos- 
es. 

[0087] Referring particularly to FIGURES 7 and 21, 
the junction 1 35 of the tube portions 1 1 9 and 1 33 is sub- 
stantially at or at least closely adjacent to the region 1 37 
of highest liquid velocity and lowest pressure. Referring 
also to FIGURE 6 in an optional embodiment, the educ- 
tor 1 0 has a plurality of channels 141, 143, each extend- 
ing through a respective panel 115, 11 7 and each inflow 
communication with the tube 51 (and, particularly, with 
its region 1 37) and with respective input ports 147, 1 49 
to which containers 15 of concentrates or other liquids 
17 are connected. 

[0088] So configured, the eductor 10 permits mixing 
either or both of two other liquids 17 with water and/or 
to obtain a solution at the outlet port 43 having either of 
two dilutions. Other ways in which this embodiment can 
be used are described near the end of the specification. 
[0089] Referring now to FIGURES 2, 5 and 6, the sup- 
port device 49 includes a pocket 151 snugly fitted to the 
venturi tube 51 . In that way, the relative axial and radial 
positions of a rectangular, axially-disposed, axially- 
elongate reed member 153 and of the output end of the 
venturi tube 51 may be precisely maintained. The reed 
member 153 diametrically spans the axial hole 155 in 
the support device 49. 

[0090] The support device 49 has a lower member 
157 and plural radially-extending arms 161 (four arms 
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161 in the illustrated embodiment) extending from the 
device 49 and friction-fitted against the inner wall of the 
eductor body 33. Such arms 1 61 maintain the radial po- 
sition of the pocket 1 51 with respect to the eductor body 

5 33. The purpose of the "baffle-like" reed member 153 is 
set out below in the description of operation. 
[0091] Referring now to FIGURES 5, 6 and 18, the 
outlet section 37 of the eductor 10 has a deceleration 
chamber 1 63 that reduces the velocity of the secondary 

10 stream bypassing around (rather than passing through) 
the venturi tube 51 and thereby tends to "quiet" such 
stream. The cross -sectional area of the chamber 1 63 is 
represented in FIGURE 19A and is a quadrifid area. 
That is, such area has four arc-shaped parts 1 65 (in the 

15 view of FIGURE 19A). 

[0092] The maximum cross-sectional area of the 
chamber 163, shown in FIGURE 19B to have two arc- 
shaped parts 165, each spanning about 180°, is sub- 
stantially greater than the maximum area of the annular 

20 space 167 forming the combining zone 167a shown in 
FIGURES 1 8 : 20 and 21 . And, of course, the volume of 
the chamber 1 63 is much greater than the volume of the 
annular region 171 between the flow guide 47 and the 
tube 51. As described in more detail below, the decei- 
ts eration chamber 1 63 permits the velocity of liquid flow- 
ing through it to diminish markedly, thus reducing the 
tendency toward foaming. From the foregoing, it is ap- 
parent that liquid bypassing the venturi tube 51 flows 
through the arc-shaped parts 165 and is ultimately dis- 

30 charged from the eductor 1 0. 

[0093] Referring to FIGURE 18, the annular space 
167 forms a combining zone 167a downstream of the 
deceleration chamber 163. In such zone 167a (and as- 
suming the interior hose 1 75 is not used), the secondary 

35 stream 1 81 and the primary stream 1 79 (the latter then 
including, e.g., a cleaning concentrate) may be com- 
bined to form a solution mixed in the desired ratio. The 
cross-sectional area of the combining zone 1 67a is pref- 
erably substantially less than the cross-sectional area 

40 of the chamber 1 63. 

[0094] The eductor 10 may used in combination with 
concentric interior and exterior hoses 175 and 185, re- 
spectively. So used, both hoses 175, 185 (which are co- 
extensive) are inserted into the mouth of a container 

45 used by custodial staff. Each hose 1 75 : 1 85 has a down- 
stream terminus 1 89 and 1 91 , respectively, and the ter- 
mini 189, 191 are substantially coincident. In this com- 
bination, the combining zone 1 67a is at the termini 1 89, 
191 where the "rich" concentrate solution flowing 

50 through the hose 1 75 and the water flowing through the 
annular region 171 are merged. In the alternative, the 
eductor 10 may bo used in combination with only the 
exterior hose 185. In this combination, the combining 
zone 1 67a is located as described in the preceding par- 

55 agraph. 

[0095] Optionally, the eductor 1 0 also includes a sec- 
ondary apparatus 195 for enhancing the degree to 
which the liquid in the secondary stream 181 is laminar. 
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The apparatus 195, which may be a screen, is posi- 
tioned somewhat upstream of the end of the lower mem- 
ber 157 so that improved laminarity is imparted to such 
secondary stream 181 before it is combined in a zone 
1 67a with the primary stream 1 79. This also reduces the 
tendency to foam. Referring to FIGURE 24, the second- 
ary apparatus 195 may be positioned near the bottom 
of the deceleration chamber 163 rather than in the 
necked-down portion 41 as shown in FIGURE 6. 
[0096] The new eductor 10 functions as follows. Re- 
ferring to the FIGURES and, particularly, to FIGURES 
1, 8-10 and 21, it is assumed that the eductor 10 is 
mounted in dispensing equipment 11 , that the inlet end 
35 is connected to a branch pipe 25 and the header 23 
and that the outlet port 43 is connected to a single dis- 
charge hose 1 85 or that the port 43 and the lower mem- 
ber 157 are connected to the hoses 185 and 175, re- 
spectively. In operation, water under pressure (the "first 
liquid") flows into the end 35 and through the apparatus 
61 and the nozzle 87 in a main stream 201 which is sub- 
stantially laminar. Such stream 201 has a diameter 
somewhat greater than the diameter of the edge 1 31 of 
the venturi tube 51. The main stream 201 is thereby 
"sliced" or divided into a columnar primary stream 1 79 
passing through the tube 51 and an annular secondary 
stream 1 81 passing around and spaced from the prima- 
ry stream 179. 

[0097] The flow guide 47 is annular around the venturi 
tube 51 and the tube 51 and the guide 47 are in spaced 
telescoped relationship and define an annular region 
171 between them. The secondary stream 181 fills the 
region 1 71 and thereby provides what may be termed a 
seal preventing air from passing through the region 1 71 . 
The secondary stream 179 fills the tube upper portion 
119. It is believed that the aforedescribed seal feature 
is responsible, at least in part, for the back pressure tol- 
erance and for the aeration-reducing performance of the 
new eductor 10. 

[0098] The primary stream 1 79 flows through the tube 
upper portion 119 and through the low-pressure region 
137, thereby inducing a second liquid to flow through a 
channel 143 to join the primary stream 179. A diluted 
but somewhat "rich" solution of the first and second liq- 
uids is thereby formed. Such solution flows through the 
tube lower portion 133 where it is mixed in a combining 
zone 167a with the secondary stream 181 to form the 
desired, more-dilute solution. The more-dilute solution 
is thereupon expelled. 

[0099] It is to be appreciated that during the above- 
described activity, the secondary stream 181 flows 
through the annular region 171 and into the deceleration 
chamber 1 63. Whatever the velocity of the secondary 
stream 181 as it flows through the region 171 , such ve- 
locity will be diminished upon entry of the secondary 
stream 181 into the chamber 163. The secondary 
stream 181 will thereby be "quieted." The flow of the sec- 
ondary stream 181 into a combining zone 167a is thus 
more likely to be laminar rather than turbulent. 



[0100] Referring also to FIGURE 6 and considering 
the reed member 153, the primary stream 179 flowing 
through the tube 51 is typically extremely laminar and 
has substantially no entrained air other than any small 

5 amount of air in the water coming into the eductor 10. 
Therefore, the primary stream 1 79 may not intimately 
contact the downstream wall 203 of the venturi tube low- 
er portion 1 33 and/or may not intimately contact the cir- 
cumferential side of the hole 155. Absent such contact, 

10 air may enter the tube 51 and impair venturi action. The 
reed member 153 may be used to spread the primary 
stream 179 and help assure that it makes sealing con- 
tact. 

[0101] Referring now to FIGURES 1 , 2, 6 and 22, a 
15 specific embodiment of the eductor 1 0 has an input port 
1 49 including a receiving boss 205, a concentric cap 207 
around the boss 205 and a barbed fitting 209 into the 
cap 207 for attachment of a tube 21 1 extending between 
the port 1 49 and a container 1 5 of concentrated cleaning 
20 liquid 1 7, for example. The cap 207 has an internal cir- 
cumferential groove 213 that "snap-fits" to a retaining 
ridge 217 and cap/boss sealing is by an O-ring 219. 
[0102] Within the port 149 is a compression spring 
221 urging a check ball 223 against a quad-ring seal 
25 225. Vacuum developed in the venturi tube 51 causes 
a pressure differential across the ball 223 which is suf- 
ficient to further compress the spring 221 and move the 
ball 223 to a position spaced from the quad-ring seal 
225. Liquid 17 can thereupon flow through a channel 
30 143, 141 into the venturi tube 51 . In a specific embodi- 
ment, the boss 205 and the cap 207 are closely f itted at 
the junction 227, thereby making it difficult to insert a 
tool therebetween and remove the cap 207. 
[0103] Referring next to the FIGURES and particular- 
's |y to FIGURES 1 and 6, as noted above, the eductor 1 0 
may have plural channels 1 41 , 1 43 for flowing concen- 
trates or the like into such eductor 10. Considering educ- 
tor 1 0a in FIGU RE 1 , the equipment user may obtain a 
solution of water and either of the liquids 17, 17b (i.e., 
40 second and third liquids) in the containers 15, 15b. To 
do so, either the valve 231 or the valve 233 is opened. 
This arrangement prevents cross -contamination of feed 
lines that may occur using a conventional eductor with 
a single channel. 
45 [0104] in the alternative, both the second and third liq- 
uids 17, 17b may be mixed with water. To do so, both 
valves 231 and 233 are opened simultaneously. 
[0105] Considering eductor 1 0b, one may also aerate 
a solution by leaving one channel 141 , 143 open to at- 
50 mosphere as represented by the open-ended line 235. 
A liquid flows from a container 15 into the eductor 10b 
through another line 237 and mixes with air entering 
through the line 235. 

[01 06] Considering eductor 1 0c, one may also obtain 
55 either of two dilution ratios or "strengths." A particular 
dilution ratio is obtained by maintaining the valve 239 
closed. A "richer" dilution ratio (one having a higher per- 
centage of detergent) is available by opening the valve 
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239 and permitting the detergent to enter the eductor 
1 0c through both channels 141 , 143. 
[0107] The eductor 10d is shown to be connected in 
a conventional way, i.e., with a single container 15 con- 
nected to a single input port 149. After appreciating the 
foregoing, persons of ordinary skill will be able to apply 
the new eductor 10 in yet other ways. 
[0108] It is to be understood that providing two chan- 
nels 141, 143 in the eductor 10 is convenient since, in 
the preferred embodiment, there are two panels 115, 
117, one each extending between the venturi tube and 
a respective input port 149. However, providing three or 
more panels and additional channels and inlet ports is 
contemplated by the invention and is clearly within its 
scope. 

[0109] And there are yet other embodiments of the in- 
vention. Referring next to FIGURE 23, in a highly pre- 
ferred eductor 10, the lower end 243 of the flow guide 
47 (which resembles an upright funnel) is spaced above 
the venturi sharp edge 131 . Such guide 47 has a guide 
opening 245 through which liquid is directed toward the 
edge 131. Such edge 131 has an edge diameter D2 and 
the guide opening 245 has a guide opening diameter D3 
greater than the edge diameter D2. The ratio of the di- 
ameter D3 of the guide opening 245 to the diameter D2 
of the edge 131 is preferably between about 1 .01 :1 and 
1 .08:1 and, most preferably, is about 1 .034:1 . 
[0110] Such flow guide 47 includes a guide passage 
247 converging toward the guide opening 245. The pas- 
sage 247 defines an angle AC1 of convergence be- 
tween about 5° and about 15°. Most preferably, such 
angle AC1 is about 1 0°. 

[0111] And there is a wide-mouth collector passage 
249 above and converging toward the guide passage 
247. The collector passage 249 defines an angle AC2 
of convergence between about 40° and about 80° and 
most preferably, such angle AC2 is about 60°. 
[01 1 2] The collector passage 249 and the guide pas- 
sage 247 abut at a junction 251 which defines a flow 
area A2 and the ratio of the flow area A2 to the flow area 
A1 is between about 1 .05.1 and about 2:1 . Liquid flowing 
through the flow guide 47 seals against the passage 247 
and depending upon the diameter of the liquid stream, 
against the junction 251 . 

[0113] Referring next to FIGURE 24, the flow guide 
47 resembles an inverted funnel and the guide opening 
245 is an input opening to such guide 47. The flow guide 
47 has a guide passage 247 below the guide opening 
245, above the venturi sharp edge 131 and converging 
toward such edge 131. A preferred angle AC3 of con- 
vergence is between about 5° and about 1 5°. Most pref- 
erably, such angle AC3 is about 10°. 
[0114] The flow guide 47 further includes a bypass 
guide 253 in telescoped relationship to the venturi tube 
51 . Such bypass guide 253 diverges toward the eductor 
outlet section 37. The guide passage 247 and the by- 
pass guide 253 abut at a circular junction 255 and the 
ratio of the diameter of the junction 255 to the diameter 



of the sharp edge 1 31 is between about 1 .07:1 and 1 .21 : 
1 . Most preferably, such ratio is about 1 .14:1 . In a spe- 
cific embodiment, the diameter of the junction 255 is 
0.204 inches (5.18 mm) and the diameter of the sharp 

5 edge 131 is 0.179 inches (4.55 mm). 

[0115] Referring nextto FIGURES 25 and 29, another 
embodiment of the eductor 10 has a flow guide 47 re- 
sembling an upright, open-mouthed standpipe. Such 
guide 47 includes a guide passage 247 below the guide 

10 opening 245 and such passage 247 is substantially cy- 
lindrical. The ratio of the diameter of the guide passage 
247 to the diameter of the sharp edge 131 is between 
about 1.8:1 and 2.4:1. Most preferably, such ratio is 
about 2.1:1. In a specific embodiment, the diameter of 

15 the guide passage 247 is 0.380 inches (9.65 mm) and 
the diameter of the sharp edge 1 31 is 0.1 79 inches (4.55 
mm). There is also a bypass guide 253 around the ven- 
turi tube 51 and converging toward the region of low 
pressure 137 in such tube 51. 

20 [0116] Referring now to FIGURES 23, 26, 27 and 28, 
another feature of the new eductor 1 0 (involving a mod- 
ified support device 49 and a flooding tube 259) may be 
used with the embodiments of FIGURES 2-6, 1 8, 25 and 
29. (When such device 49 and flooding tube 259 are 

25 used with the embodiments of FIGURES 2-6 and 18, 
the reed member 153 is omitted.) The support device 
49 of FIGURES 26 and 28 has a circumferential ridge 
261 that engages a groove 263 in the flooding tube 259. 
The device 49 and the tube 259 "snap fit" together. 

30 [0117] The tube 259 has a passage 265 therethrough 
and there is a flooding pin 267 extending diametrically 
across the passage 265. The pin 267 disrupts the flow 
of liquid along the passage 265 and helps assure that 
such liquid is in intimate contact with the passage 265, 

35 thereby sealing such tube 259 and preventing air from 
backflowing up the tube 259 to the venturi tube 51 . 
[01 18] Referring also to FIGURES 25, 29 and 31 , the 
eductor 1 0 may be packaged as a kit 271 having an 
eductor 1 0 and first and second flooding tubes 259a and 

40 259b, respectively. Each tube 259a, 259b has an inlet 
end 273, respective first and second passages 265a 
and 265b, and respective first and second pins 267a and 
267b. The pins 267a, 267b are spaced below (down- 
stream of) the inlet end by a dimension DI1 or DI2. 

45 [0119] The pins 267a, 267b may be of differing diam- 
eter (as they are shown in FIGURE 31) orthe pins 267a, 
267b may be of the same diameter but spaced below 
the inlet ends 273 of their respective flooding tubes 
259a, 259b by differing dimensions DM, DI2. (The 

50 dashed outline 268 in FIGURE 28 represents a flooding 
pin that is spaced differently from the inlet end 273 and 
has a different diameter than the pin 267 shown in such 
FIGURE.) After appreciating the specification, one of or- 
dinary skill will recognize that each flooding tube 259a, 

55 259b may have a pin diameter and pin spacing from tube 
inlet end 273, both of which differ from the diameter and 
spacing of the other tube 259b, 259a. The vacuum pro- 
duced at the region of lowest pressure 137 may be ad- 
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justed by changing the diameter of a passage 265, by 
changing the diameter of a flooding pin 267 and/or by 
changing the location of such pin 267 with respect to the 
tube inlet end 273. 

[0120] Referring to FIGURES 5, 23, 24 and 25, it is 
preferred that the passages 247, 249 of the flow guide 
47 and the passage 265 of the flooding tube 259 be high- 
ly-polished to reduce friction and permit liquid to make 
more intimate sealing contact therewith. In a preferred 
embodiment, the finish of such passages 247, 249, 265 
is in the range of 3 to 1 0 microns and most preferably is 
in the range of 5 to 8 microns. 

[0121] Referring next to FIGURES 2 : 5, 6, 29 and 30 
(and particularly the lattertwo FIGURES) in a highly pre- 
ferred eductor 10, the venturi tube 51 has an annular 
sharp edge 1 31 as noted above. A person may thrust a 
finger into the eductor air gap 1 03 provided by the open- 
ing 1 01 and, perhaps, touch and damage the tube edge 
51 . Therefore, it is particularly desirable with the embod- 
iment of FIGURES 5, 6, 29 and 30 to interpose a nozzle 
protector 279 between the air gap 103 and the venturi 
tube 51 . An exemplary protector 279 has a central sup- 
port portion 281 , radially-extending arms 283 and gen- 
erously-sized notches 285 between respective pairs of 
arms 283. Such protector 279 provides a barrier suffi- 
cient to prevent inadvertent finger contact with the tube 
sharp edge 131 . 

[0122] Referring to the FIGURES, having described 
a number of embodiments of the new eductor 10, sev- 
eral observations can be made regarding performance. 
Using a venturi tube 51 with a sharp edge 131 dramat- 
ically reduces liquid splashing. And using a tube 51 with 
an outward surface 127 which slightly diverges in a 
downstream direction helps guide liquid in the second- 
ary stream 181 into the deceleration chamber 163. 
[01 23] The embodiments of FIGURES 24 and 25 tol- 
erate back pressure particularly well. If the eductor 10 
has a hose 1 85 attached to the outlet port 43 (as in FIG- 
URE 29) for washdown orspraying purposes, such hose 
185 may be oriented horizontally, lifted above the educ- 
tor 10 or pointed upwardly and the eductor 10 (which is 
assumed to be mounted vertically as shown) continues 
to function very well without flooding or significant back- 
splashing. 

[0124] In the embodiment shown in FIGURE 24 the 
eductor 10 operates quietly, decreases foaming and 
very quickly generates vacuum in the region of low pres- 
sure 137. The embodiments of FIGURES 23, 24 and 5, 
6, 29 (all of which have a slightly-converging guide pas- 
sage 47 as shown in FIGURES 23-25) exhibit good tol- 
erance for an off-center (i.e., slightly non-concentric with 
the axis 53) main stream 201 and a variety of main 
stream diameters. Such diameters are likely to result if 
an eductor 1 0 is used with differing inlet pressures. And 
the slightly-converging guide passage 47 makes the 
eductor 10 more tolerant of eductor mounting orienta- 
tions other than vertical. 

[0125] Referring next to FIGURES 6, 32, 33, 34 and 



35, another embodiment of the eductor 10 includes a 
body 33 with an inlet end 35, a supply nozzle 87 and a 
pair of ribs 95, 97. While only one rib 95 is shown in 
FIGURES 32 and 33, the ribs 95, 97 define an air gap 
5 103 as shown in FIGURE 6. As seen in FIGURES 6 and 
8-15, the eductor 1 0 may include a smoothing apparatus 
61 at location 59. 

[01 26] The eductor 1 0 also has a flow guide 47 having 
a first or upper portion 1 07 and a second or lower portion 
10 1 09 extending downwardly from the first portion 1 07. An 
imperforate wall 291 extends between the body 33 and 
the upper portion 107. The body 33, the wall 291 and 
the flow guide 47 define an annular overflow chamber 
293 and such chamber 293 is isolated from the air gap 
15 103 by the wall 291. 

[01 27] The eductor 1 0 has a collector passage 249 in 
the flow guide 47 which extends along and is concentric 
with the eductor long axis 53. At least one aperture 295 
is formed in the flow guide 47 and extends between and 
20 is in flow communication with the collector passage 249 
and the overflow chamber 293. Most preferably, there 
are first and second apertures 295, 297 in the flow guide 
47 and each aperture 295, 297 radially-outwardly in- 
creases in cross-sectional area. 
25 [0128] Under certain operating conditions, an aper- 
ture 295 or 297 permits a quantity of liquid 299, e.g., 
water (also referred to herein as a "first liquid"), to by- 
pass the venturi tube 51 and flow to the outlet port 43. 
If the incoming water feed rate and/or the back pressure 
30 imposed on the eductor 10 by the connected tube 29 
(shown in FIGURE 1) or by an implement connected to 
such tube 29 are sufficient to prevent all incoming water 
from be accepted by the venturi tube 51, an aperture 
295 or 297 provides a bypass path for the excess water. 
35 [0129] Referring particularly to FIGURES 33 and 35, 
each aperture 295, 297 is bounded by an edge 301 at 
the collector passage 249 and each such edge 301 de- 
fines a first area 303. At the location 305, the collector 
passage 249 has a minimum flow area 307 at its lower 
40 end 309 and the first area 303 is at least twice the min- 
imum flow area 307. More preferably, such first area 303 
is at least three times the minimum flow area 307. (The 
area 307 is coincident with the plane 311 which is normal 
to the axis 53.) 
45 [0130] In an embodiment with first and second aper- 
tures 295, 297 the total of the first areas 303 is at least 
1 .5 times the minimum flow area 307. Most preferably, 
the total of the first areas 303 is in the range of 1.5 to 
2.5 times the minimum flow area 307. 
50 [0131] In a specific embodiment, the first and second 
apertures 295, 297 are in registry with a lateral axis 313 
which is generally normal to the long axis 53. Stated an- 
other way, such apertures 295, 297 are opposite one 
another in the flow guide 47. 
55 [0132] In another aspect of this embodiment of the 
eductor 1 0, the flow guide lower end 309 is spaced from 
the air gap 1 03 and has an interior dimension DI3 meas- 
ured generally normally to the eductor long axis 53. 
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Each of the apertures 295, 297 is spaced above the low- 
er end 309 by a spacing dimension DI4 at least equal to 
the interior dimension DI3 and, preferably, by a spacing 
dimension DI4 which is between 1 .0 and 6.0 times the 
interior dimension DI3. Most preferably, the spacing di- 
mension Di4 is about 1.5 times the interior dimension 
DI3. 

[0133] Referring again to FIGURES 32, 33 and 34, in 
yet another aspect of this embodiment, the venturi tube 
51 abuts the lower end 309 of the flow guide 47. In a 
specific embodiment, the lower end 309 has a pocket 
315 formed in it and the venturi tube 51 is in sealing 
engagement with the pocket 315. 
[0134] The venturi tube 51 has an inlet mouth 31 7, the 
edge 131a of which is annular and flat in a plane gen- 
erally normal to the eductor axis 53. Such edge 131a 
defines a mouth area 319 (through which liquid flows) 
which is at least equal to — and preferably slightly great- 
er than - the minimum flow area 307 of the flow guide 
47. When the minimum flow area 307 and the mouth 
area 319 are circular, such areas 307, 319 are concen- 
tric. Configured in this way, the venturi tube inlet mouth 
317 is prevented from presenting an inwardly projecting 
lip to flowing liquid which may impede such flow. 
[0135] Instill another aspect of the embodiment of the 
eductor 10, each of the flow guide first and second por- 
tions 1 07 and 1 09, respectively, has a length L1 and L2, 
respectively, measured along the long axis 53. The 
length L2 of the second portion 109 is at least equal to 
the length L1 of the first portion 107. Preferably, the 
length L2 of the second portion 109 is between 1 .0 and 
4.0 times the length L1 of the first portion 1 07 and most 
preferably, the length L2 of the second portion 109 is 
about 2.4 times the length L1 of the first portion 1 07. 
The convergence angles of the flow guide 47 are as de- 
scribed above in connection with FIGURE 5. 
[0136] Referring now to FIGURES 1,6,7, 32 and 34, 
the eductor lower body 321 is closely similar to the ar- 
rangement of FIGURE 6. That is, the venturi tube 51 is 
supported by and molded integrally with web-like radial 
panels 115, 117 having respective channels 141, 143. 
Each channel 141, 143, is in flow communication with 
the tube 51 (and, particularly with its region 137) and 
with respective input ports 1 47, 1 49 to which containers 
15 of concentrates or other liquids 17 are connected. 
[0137] Referring to FIGURES 18 and 32, it is to be 
noted that when a hose 1 85 (with no restrictive "head") 
is attached to the outlet section 37, the configuration of 
the eductor 10 is as shown in FIGURE 32. However, 
when the hose 185 is terminated by a spraying or foam- 
ing head, the flooding tube 259 and the device 49 are 
preferably omitted. 

[0138] As used herein, the term "sharp edge" as ap- 
plied to the apparatus 61 of FIGURES 11-15 means an 
edge 81 having a dimension measured normally to the 
axis 53 that is substantially equal to zero. The term "tel- 
escoped" (as used, for example, to describe the rela- 
tionship of tube 51 and guide 47 shown in FIGURES 5, 



6, 29) means that there is at least one plane, e.g., plane 
287 in FIGURE 29, normal to axis 53 which intersects 
the parts said to be in such relationship. Such term does 
not necessarily mean that such parts are in contact with 

5 one another. 

[01 39] The term "liquid" means a substance, e.g., wa- 
ter or a concentrate : which is free of interstices and also 
means a finely-divided powder which has interstices 
and flows freely like water. 

w [0140] Such terms as "upper," "lower," "below," "left" 
and the like are for purposes of explanation with respect 
to the drawings and should not be interpreted to require 
that the eductor 10 be mounted in vertical orientation. 
However, the terms "upper," "lower" and "below" relate 

15 to direction of liquid flow through the eductor 10. For ex- 
ample,! tube portion 119 is referred to as an upper por- 
tion 1 1 9 since it is upstream of the low-pressure region 
137. Similarly, member 137 is referred to as a lower 
member since it is downstream of support device 49. 

20 And the support device 49 is described to be below the 
venturi tube 51 since such device 49 is downstream of 
the tube 51 . 

Industrial Applicability 

25 

[01 41 ] The new eductor 1 0 may be used for a variety 
of mixing applications including but not limited to appli- 
cations involving single or multi-container dispensing 
equipment 11 . 

30 [0142] While the principles of the invention have been 
shown and described in connection with a few preferred 
embodiments, it is to be understood clearly that such 
embodiments are by way of example and are not limit- 
ing. 

35 

Claims 

1 . In an eductor for mixing first and second liquids and 
40 including an air gap, a supply nozzle upstream of 
the air gap and a flow guide downstream of the air 
gap, and wherein the first liquid is in a stream flow- 
ing in a downstream direction, the improvement 
comprising: 

45 

a tube in the stream; 

the flow guide is annular around the lube; 
the tube and the flow guide are in spaced tele- 
scoped relationship, the flow guide including a 
so portion which angles toward an inlet portion of 

the tube; 

wherein: 

55 the stream is a main stream; 

the tube divides the main stream into a primary 

stream and a secondary stream; 

the tube and the flow guide define an annular 
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unobstructed space means therebetween; the 
annular space means substantially preventing 
air from passing therethrough when the sec- 
ondary stream fills the space means. 

. In an eductor for mixing first and second liquids to 
form a mixture, the eductor including a housing, an 
air gap, a supply nozzle upstream of the air gap, a 
flow guide downstream of the air gap, a venturi tube 
for receiving the first liquid from the flow guide, the 
venturi tube and flow guide dividing the first liquid 
into a primary stream and a secondary stream flow- 
ing around the venturi tube and an outlet port for 
discharging the mixture, the improvement compris- 
ing: 

the flow guide and the venturi tube defining a 
passage means and the flow guide and the housing 
defining a chamber in fluid communication with the 
passage means, the passage means constructed 
and arranged so that when the secondary stream 
fills the passage means a seal is formed. 

\. The improvement as defined in claim 2 further in- 
cluding a spraying head connected to the outlet 
port. 

4. The improvement as defined in claim 2 further in- 
cluding a foaming head connected to the outlet port. 

5. The improvement as defined in claim 2 wherein the 
flow guide includes at least one aperture means ex- 
tending through the flow guide in fluid communica- 
tion with the chamber, the aperture means and the 
chamber preventing fluid from passing there- 
through when the secondary stream fills the aper- 
ture means. 

6. The improvement as defined in claim 5 wherein the 
outlet port is defined by an outlet section which in- 
cludes a minimum flow area and the aperture 
means includes a flow area, the flow area of the ap- 
erture means being at least 1 .5 times the minimum 
flow area. 

7. The improvement as defined in claim 2 wherein the 
flow guide includes at least one aperture means in 
a wall of the flow guide communicating with said 
chamber, the aperture means providing a seal when 
the secondary stream flows from the flow guide 
through the aperture means to the overflow cham- 
ber at a variable rate in response to the pressure at 
either end of the flow guide. 

8. An eductor for mixing water and a second liquid 
comprising: 

an air gap; 
a flow guide; 



a venturi tube, portion of the flow guide sur- 
rounding the venturi tube to provide a means 
for effecting a seal region; 
an overflow chamber isolated from the air gap 
5 by a wall member, the overflow chamber being 

in fluid communication with the seal region; 

wherein a portion of liquid flows from the flow 
guide through the venturi tube and another portion 
w flows between the flow guide and the venturi tube 
into the seal region. 

9. In an eductor for mixing first and second liquids and 
wherein the first liquid is in a main stream flowing 
15 through an air gap to a venturi tube downstream 
from the air gap, the improvement wherein: 

the venturi tube has an annular sharp edge in 
the main stream, thereby dividing the main 

20 stream into a primary stream flowing through 

the tube and a secondary stream around the 
primary stream and flowing around the tube; 
by venturi action, the venturi tube mixes the pri- 
mary stream and the second liquid to form a 

25 mixture; 

the eductor includes an outlet section for com- 
bining the mixture and the secondary stream; 
the eductor includes a supply nozzle upstream 
of the air gap and a flow guide downstream of 

30 the air gap: 

the flow guide is annular around the tube; 
the tube and the flow guide are in spaced 
telescoped relationship, and the flow guide 
includes: 
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a first portion converging in a down- 
stream direction at a first angle; and 
a second portion extending from the 
first portion and converging in a down- 
stream direction at a second angle. 

10. The eductor of claim 9 wherein: 



45 the tube and the second portion are in spaced 

telescoped relationship; and 
the second angle is less than the first angle. 

11. The eductor of claim 10 in combination with plural 
so hoses extending from the output section and where- 



each hose has a terminus; 
the termini are substantially coincident; and 
55 the combining zone is at the termini. 

12. In an eductor for mixing first and second liquids and 
wherein the first liquid is in a main stream flowing 
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through an air gap to a venturi tube downstream 
from the air gap, the improvement wherein: 

the venturi tube has an annular sharp edge in 
the main stream, thereby dividing the main 
stream into a primary stream flowing through 
the tube and a secondary stream around the 
primary stream and flowing around the tube; 
by venturi action, the venturi tube mixes the pri- 
mary stream and the second liquid to form a 
mixture; 

the eductor includes an outlet section for com- 
bining the mixture and the secondary stream; 
and 

an axially disposed reed member in the tube, 
thereby spreading the primary stream. 

13. In an eductor for mixing first and second liquids and 
including an air gap, a supply nozzle upstream of 
the air gap and a flow guide downstream of the air 
gap, and wherein the first liquid is in a stream flow- 
ing in a downstream direction, the improvement 
comprising: 

a tube in the stream; 

the flow guide is annular around the tube; 
the tube and the flow guide are in spaced tele- 
scoped relationship; 

the tube divides the stream into a primary 
stream and a secondary stream; and 
the eductor includes an axially-disposed reed 
member in the primary stream. 

14. In an eductorfor mixing first and second liquids and 
wherein the first liquid is in a main stream flowing 
through an air gap to a venturi tube downstream 
from the air gap, the improvement wherein: 

the venturi tube has an annular sharp edge in 
the main stream, thereby dividing the main 
stream into a primary stream flowing through 
the tube and a secondary stream around the 
primary stream and flowing around the tube; 
by venturi action, the venturi tube mixes the pri- 
mary stream and the second liquid to form a 
mixture; 

the eductor includes an outlet section for com- 
bining the mixture and the secondary stream; 
a supply nozzle upstream of the air gap and a 
flow guide downstream of the air gap and 
wherein: 

the flow guide is annular around the tube; 
the tube and the flow guide are in spaced 
telescoped relationship, the flow guide in- 
cluding a portion which angles toward an 
inlet portion of the tube; 
the tube and the flow guide define an an- 



nular unobstructed space means therebe- 
tween; the annular space means substan- 
tially preventing air from passing there- 
through when the secondary stream fills 
5 the space means. 

1 5. In an eductor for mixing first and second liquids and 
wherein the first liquid is in a main stream flowing 
through an air gap to a venturi tube downstream 
10 from the air gap, the improvement wherein: 



the venturi tube has an annular sharp edge in 
the main stream, thereby dividing the main 
stream into a primary stream flowing through 
the tube and a secondary stream around the 
primary stream and flowing around the tube; 
by venturi action, the venturi tube mixes the pri- 
mary stream and the second liquid to form a 
mixture; 

the eductor includes an outlet section for com- 
bining the mixture and the 
secondary stream; 
an output section having: 
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a deceleration chamber reducing the ve- 
locity of the secondary stream, such decel- 
eration chamber having an essentially 
straight walled section and a maximum 
chamber cross-sectional area; and 
a combining zone downstream of the de- 
celeration chamber having a maximum 
cross-sectional area less than the chamber 
cross-sectional area, the straight walled 
section of the deceleration chamber ex- 
tending to the combing zone. 

16. In an eductorfor mixing first and second liquids and 
including an air gap, a supply nozzle upstream of 
the air gap and a flow guide downstream of the air 
gap, and wherein the first liquid is in a stream flow- 
ing in a downstream direction, the improvement 
comprising: 

a tube in the stream; 

the flow guide is annular around the tube; 
the tube and the flow guide are in spaced tele- 
scoped relationship; 

wherein (a) the stream is a main stream, (b) 
the tube divides the main stream into a primary 
stream flowing through the tube and a secondary 
stream around the primary stream and flowing 
around the tube, and (c) the eductor includes an 
output section having: 

a deceleration chamber reducing the velocity of 
the secondary stream, such deceleration 
chamber having an essentially straight walled 
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section and a chamber cross-sectional area; 
and 

a combining zone downstream ot the deceler- 
ation chamber and having a cross-sectional ar- 
ea less than the chamber cross-sectional area, 5 
the straight walled section of the deceleration 
chamber extending to the combing zone. 
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(54) Improved mixing eductor 

(57) Disclosed is an improved mixing eductor (10) 
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is in a main stream (201) flowing in a downstream direc- 
tion. A venturi tube (51) is in the eductor (10) and has 
an annular sharp edge (131) in the main stream (201), 
thereby dividing such stream (201) into a primary stream 
(1 79) and a secondary stream (1 81 ) around the primary 
stream (1 79). The eductor (1 0) has an air gap (1 03) and 
a flow guide (47) downstream thereof. In a specific em- 
bodiment, the flow guide (47) is annular around the ven- 
turi tube (51) and the tube (51) and the guide (47) are 
in spaced telescoped relationship. Several embodi- 
ments of the eductor (1 0) and a new method for mixing 
liquids are disclosed. 
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